Laboratory studies reported earlier, have been showed a very promising result in the selective removal of heavy toxic metals from aqueous solution by a commercially available super absorbent polymer (SAP). In this study one of these super absorbent hydrogels (Poly acrylic acid) beads was used to remove Pb (II)ion from aqueous solutions. The effect of time on adsorption was studied. Kinetic experiments showed that the rate of Pb (II) adsorption on the hydrogel bead was quite good. More than, 90% of the equilibrium adsorption capacity occurs within (10hr) and the adsorption equilibrium could be achieved within (24hr), with adsorption equilibrium capacity (113.40 mg/g). The adsorption kinetic fit well with a pseudo-first-order equation. The effect of the initial metal concentration on the removal percentage of Pb (ll) ion was studied. Freundlich and Langmuir isotherm constants and correlation coefficients were calculated. The thermodynamic parameters G°, H°,S° and Hads were also calculated .
Introduction
The water is an essential matter to human and other living organism. Water may be polluted from the effluent of several industries such as chemical industrial, electroplating industrial, dye industrial and battery industrial [l] . The heavy metal ions were found to be one of the main pollutants in water. The pollutants heavy metals were intensively studied due to their significance from the point of view of persistence and toxicity. The toxic metals can cause accumulative poisoning cancer and brain damage when found above the tolerance levels [2] . The agencies for the environmental monitoring have set permissible limits for heavy metals levels in drinking water because of their harmful effects. The removal and tepid decontamination of heavy metals (Cd, Pb, Cu, Hg) become very important for the environmental remediation. Many processes have been used for the removal of heavy metals from waste water, such as chemical precipitation, coagulation, solvent extraction, membrane separation, ion exchange and adsorption [3] . For dilute metal concentration, ion exchange, reverse osmosis and adsorption can be applied [4] . However, the common use of ion exchange and reverse osmosis is restricted by the high operating cost. As an alternative to chemical precipitation membrane filtration, or ion exchange, adsorption processes with wide variety of adsorbents have been used. The adsorbents used should have some specific properties, such as a high ability to reduce the concentration of heavy metals below the acceptable limited, high adsorption capacity, high swelling ratio, and long life time [5] . Many materials have been used as adsorbents including chitosan[6], clay [7] , zeolite [8] , sawdust [9] , bark [10] , lignin [11] , and other [12] . However, low adsorption capacity and rate for heavy metal ions are the main problems for these low-cost adsorbents [13] . Recently hydrogel bead was used as adsorbent for the removal of heavy metal ion [14] . The flexible polymer chains which is convenient for the penetration of solute molecules with water into the hydrogel. The solute molecules then bind with functional group inside the bead [15] . Polyacrylic acid (PAA) is another water-swelling polymer that can be bound to many cations [16] . In this study the adsorption behavior and adsorption kinetic of Pb (II) adsorption onto polyacrylic acid (PAA) hydrogel bead were studied, the effects of initial concentration and temperature were also studied. Thermodynamic parameters were calculated and a pseudo-first-order and a pseudo-second-order were applied.
Experiments and Materials Materials and Apparatus
All the reagents were of analytical grade and were used without further purification. Commercial polyacrylic acid (PAA) was used; lead acetate was purchased by Riedel-Dehaen AG. and was used to prepare stock solution (1000 mg.L -1 Pb² + ) by accurately weighing (1.5592) g of lead acetate and dissolving in 1 L of distilled water. Solutions of desired concentration of Pb(II) were prepared from the stock solution by appropriate dilution. Shimadzu Atomic Absorption (model GBC 933 plus) was used to determined the remained Pb(II) in solution. Ametrohm E.632 PH meter (Switzerland) with glass combination electrode was used throughout this study. Fourier transform infrared (FTIR) spectrophotometer (model shimadzu pretige 21 Japan) was also used.
Batch Experiment
The adsorption of Pb (II) from aqueous solution into PAA was performed using batch equilibrium technique. A 25 ml of solution containing Pb (II) ion with different initial known concentration 100,200,300, and 400 mg.L -1 were used. The hydro gel beads with 0.0382 g weight and 3.67 mm diameter were used for removal of Pb(II) from aqueous solution at different time (1-24 hr) and the residual Pb(II) concentration was determined using atomic absorption spectrophotometer. The adsorption tests were continued until the equilibrium concentration was achieved. The effect of contact time on the amount of Pb(II) adsorbed was investigated as a function of initial concentration of Pb(II), pH and temperature. The adsorption capacity Qe (mg/g) of adsorbent was calculated by a mass balance relationship which represents the amount of adsorbed Pb(II) per the amount of 
Results and Discussion

Effect of Contact Time
The effect of contact time on the rate of the removal of Pb (ll). (Fig.(2) ) was investigated at initial Pb (ll) concentration of 100, 200, 300 and 400 mg.L -1 using a constant weight of hydrogel bead 0. 0382 g. The rate of removal of Pb (ll) by hydrogel bead was rapid at the beginning (1-8 hr), but it gradually be slow with time until it reached equilibrium (maximum capacity with constant value). The plots in Fig.(2) . Reveals that maximum percent removal is higher at the beginning due to a larger surface area available of the adsorbent. After adsorption, the rate of Pb (ll) uptake is controlled by the rate of Pb (ll) transported from the exterior to the interiors sits of the adsorbent. 
Effect of pH.
The influence of pH on the removal of Pb (ll) by hydrogel bead was studied to gain further insight in to the adsorption process. The effect of pH was checked over the pH range (1-6.3) using 100 mg.L -1 of Pb (ll). pH values were adjusted by adding (0.5) M HCI. The samples were left for (20hr) contact time (for reach maximum removal of ion) with 0.0382 g hydrogel. The results obtained (Fig.(3) ) showed that the optimized pH for the removal of Pb (ll) was at 6.3. The adsorption process happen mainly because of static attraction between the carboxyl groups in adsorbents. At lower pH values, protons were available to protonate the carboxyl groups of PAA, there for, the attraction to cationic Pb (ll) ions decrease, while near the basic condition the cations will begin to precipitate from the solution and the removal percentage decrease.
Fig.(3) Effect of pH on the removal of Pb(II).
Effect of Temperature
The adsorption studies were carried out to five different temperature (10, 20, 25 , and 30 °C). Result obtained (Fig.(4) ) showed that, at the range of studied temperature the adsorption increase with increasing temperature, this may be as a result of increase in the mobility of the Pb(ll) ions with the increasing of the temperature ,which may also produce a swelling effect within the internal structure of the PAAc enabling more Pb(II) to penetrate further [17, 18] . 
Adsorption Isotherm
To identify the mechanism of the adsorption process, the adsorption of Pb (ll) in to PAA was determined as a function of equilibrium (residual) Pb (ll) concentration Ce and the corresponding adsorption isotherm was plotted as shown in (Fig.(5) ). 
... (2)
Where Qe is the adsorption capacity at equilibrium (mg/g ), Qmax is the maximum adsorption capacity corresponding to complete monolayer coverage on the surface (mg/g), Ce is the concentration of adsorb ate at equilibrium (mg.L -1 ) and KL is the Langmuir constant (L/mg), which can be evaluated from the intercepts of the linear plots of Ce/Qe vs Ce, the slop of the straight line equal to 1/Qmax. It was found from this study that the equilibrium adsorption data of Pb (ll) adsorption was followed Langmuir's isotherm. Langmuir parameters calculated from Eq. (2) are listed in Table ( 
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Where Co is the highest initial solute concentration (400 mg.L -1 ) at which the maximum capacity was achieved, and KL is the Langmuir adsorption constant (L.mg). Table ( 
. (4)
Was applied for fitting the experimental data and calculated freundlich constant KF, and n, which can be obtained from the intercept and slopes of the plotting of the log Qe vs Log Ce (Fig.(6) ). The Freundlich isotherm describes a small value of reversible adsorption, and the b(II) concentration on the adsorption will increase so long as there is an increased in the b(II) concentration in the liquid, it is clear from Table (1). That the values of the freundlich exponents, n, were greater than one (n >1) which represents a favorable adsorption condition [22] . Examination of the linear isotherm plots suggested that the Langmuir model yielded a much better fit than the freundlich model. 
Adsorption Kinetics
The kinetics of the adsorption data was processed to understand the dynamic of the adsorption process in terms of the order and rate constant. Two kinetic models were applied to the adsorption kinetic data in order to investigate the behavior of the adsorption process of b (II) into  beads. These models were the pseudo-first-order and pseudo-second-order models. [23] 
Pseudo-first-order kinetic model
The adsorption kinetic data were described by the lagergren pseudo-first-order model, which is the earliest known equation describing the adsorption rate based on the adsorption capacity. The general equation can be expresses as below after definite integration by applying the initial condition:
Log (Qe-Qt) = Log Qe - Where Qe and Qt are the amounts of b (II) adsorbed (mg/g) at equilibrium and at any time t. k1 is the rate constant (hr -1 ). The plot of log (QeQt) vs t gives a straight line for the pseudo -first -order adsorption kinetic (Fig.(7) ). The value of k1 was obtained from the slopes of the straight lines. The k1,correlation coefficients (R²), and Qecal, Qeexp values are given in Table ( 2). Where k2 is the second order rate constant (g.mg -1 h -1 ). The values of k2 at different initial b (II) concentration were calculated from the slops of the linear plot of t/Qt vs t (Fig.(8) .) The values of k2 ,R²,Qe cal and Qe exp are listed in Table ( 2). Where R= 8.314 J/mol K is the universal gas constant, (T) is the absolute temperature and Kc(L/g) is the standard thermodynamic equilibrium constant. By plotting of Ln Kc vs 1/T the values H° and S° can be estimatated from the slope and intercept (Fig.(9) ). The results obtained are shown in Table ( 3). The negative values of G° and positive H° and S° obtained indicated that the b² + adsorption process is a spontaneous and an endothermic with increasing of randomness at the solid / solution interface occur in the internal structure of the adsorption of Pb(ll) onto PAA. The values of  Hads can be calculated from the slop of the plot of Ln Ce vs 1/T, (Fig.(10) ) according to Chaperon equation:
] Where  Hads. is the heat of adsorption (kJ/mol.). The resulting values are given in Table (4) . 
Conclusions
In this study, a hydrogel bead of polyacrylic acid (PAA) was used for adsorbed b(II) from aqueous solution . The results indicate that the adsorption of Pb(ll) was increase with increasing of temperature and time. The maximum capacity was reached at 24 hr with 113. 43 mg/g value. The adsorption kinetic data can be described by the pseudofirst -order kinetic model and the adsorption isotherm agree well with the Langmuir model. 
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